Background: Uropathogenic Escherichia coli (UPEC) O-serogroups with their phylogenetic background are the most prevalent causes of urinary tract infections (UTIs). Objectives: The association of O types with phylogenetic background was assessed among E. coli isolates collected from patients with UTI. Patients and Methods: In this study, 186 patients with UTI, referred to two hospitals affiliated to Zabol University of Medical Sciences in southeast of Iran, were enrolled during January to July 2013. Phylogenetic groups and serotyping were performed using multiplex-PCR method. Results: A total of 100 E. coli strains were isolated from the urine samples. The most common types of O antigens were O2 (16.43%), O6 (16.43%) and O18 (13.69%). The phylogenetic analysis showed that 63 O-antigen-positive isolates were mainly segregated from the phylogenetic group B2 (56%) and the substantial prevalence (30%) belonged to the phylogenetic group D. Conclusions: This was the first report of E. coli serotyping in patient with UTI from southeast of Iran as well as investigation of their relation with phylogenetic pattern by multiplex-PCR. Further studies from other parts of Iran and on other serotypes are recommended.
Background
Urinary tract infection (UTI) is one of the most common infections and Escherichia coli is so far the most common causative agent of this disease (1) (2) (3) (4) (5) . O antigen is exposed on the very outer surface of bacterial cell (6) (7) (8) and is an essential component of the lipopolysaccharides on the surface of Gram-negative bacteria; its variation provides a major basis for serotyping schemes (9, 10) . For the first time, E. coli was classified based on various types of O antigen by Kauffmann (11, 12) . O antigen is one of the most variable structures on the cell surface, leading to major antigenic variability due to the variation in types of sugar arrangement within the O unit and the linkages within and between the O units. Consequently, O antigen has become a major basis for serotyping schemes for many Gram-negative bacteria (13) . E. coli clones, including both intestinal and extra-intestinal types, are normally identified by the combination of their O and H (and sometimes K) antigens (14) . To date, more than 180 forms of O antigen have been recognized for E. coli (9) . Each serotype of E. coli has an important role in clinical presentation of UTI and the prevalence of different serotypes varies in different regions. In Iran, despite the high prevalence of UTI, very few studies have been conducted to determine the prevalence of various O types of E. coli by multiplexpolymerase chain reaction (PCR).
Objectives
This study was performed to determine the association of O types with phylogenetic background among E. coli isolates collected from patient with UTI in southeast of Iran.
Patients and Methods
E. coli strains were isolated from urine samples of patients attending a teaching hospital in Zabol, Iran, during January to July 2013 and were identified using standard methods. The diagnosis of UTI was established by the hospital medical staff based on clinical symptoms and positive urine culture.
DNA Extraction
E. coli isolates were grown overnight (16 hours) in 5 mL Luria Bertani (LB) broth at 37°C. Two mL of bacterial isolates were then pelleted, resuspended in 200 µL of sterile double-distilled water and boiled at 95°C for 10 minutes. After centrifugation, the supernatants were stored as DNA template at -20°C until used for PCR.
Phylogenetic Classification
In this study, we used the PCR-based phylogenetic typing method because it is simple, rapid and easily applied for a large number of E. coli strains, as described by Clermont et al. (15) . This phylogenetic grouping method, which uses a combination of three DNA markers (chuA, yjaA, and tspE4.C2 DNA fragment), can accurately classify E. coli isolates into one of the four major phylogenetic lineages. As described by Clermont et al. we used the primer pairs ChuA.1 (5′-GACGAACCAACGGTCAGGAT-3′) and ChuA.2 (5′-TGCCGCCAGTACCAAAGACA-3′), as well as YjaA.1 (5′-TGAAGTGTCAGGAGACGCT-3′) and YjaA.2 (5′-ATG-GAGAATGCGTTCCTCAAC-3′), and finally TspE4C2.1 (5′-GAG-TAATGTCGGGGCATTCA-3′) and TspE4C2.2 (5′-CGCGCCAA-CAAAGTATTACG-3′), which generated 279-, 211-, and 152-bp fragments, respectively. We performed a triplex PCR using the above six primers in a single reaction in a gradient Eppendorf 's Master cycler® pro (Eppendorf, Hamburg, Germany) under the following conditions: denaturation for four minutes at 94°C, 30 cycles of five seconds at 94°C and 10 seconds at 59°C, and a final extension step of five minutes at 72°C. The PCR products were analyzed on a 2% agarose gel. The grouping decision was made based on the presence or absence of specified amplifications as follows: chuA -, TspE4.C2 -, group A; chuA -, yjaA -, TspE4.C2+, group B1; chuA + , yjaA + , group B2; chuA + , yjaA -, group D.
O-Typing by Multiplex-Polymerase Chain Reaction
O-typing of the E. coli isolates was determined by a multiplex-PCR-based method, recently developed by Clermont et al. (16) . This simple and rapid O-typing method was performed in two separate PCR reactions comprised of six reverse primers representative of six O antigens and one universal forward primer (Table 1) as described by Clermont et al. Each 25-μL PCR mixture contained 12.5 µL Taq DNA polymerase master mix red (amplicon), 0.2 μM /μL of each primer (1 μL) (Pishgam, Iran), 2 μL (approximately 100 ng/μL) of genomic DNA, and 9.5 µL dd H 2 O. Amplification conditions were four minutes at 95°C, 30 cycles of 40 seconds at 95°C, 30 seconds at 57°C, and 30 seconds at 72°C, with a final elongation of six minutes at 72°C, performed using a gradient Eppendorf 's Mastercycler® pro (Eppendorf, Hamburg, Germany). The PCR products were electrophoresed in 1.5% agarose gels in 1 x Tris/borate/EDTA (TBE) (0.1 M Tris, 0.09 M boric acid and 1 mM EDTA) and the gels were then stained with ethidium bromide and photographed using UV light (Figure 1 ).
Results
A total of 100 isolates of E. coli were collected from the urine samples of patient with UTI. Among the total of 100 E. coli isolates analyzed, 55 (55%) belonged to phylogenetic group B2 (Table 2) . Of the remaining isolates, 22 (22%), 17 (17%), and 6 (6%) isolates belonged to D, A, and B1 groups, respectively. Group B2 strains were the most common and group B1 strains were the least common among the UTI specimens. 
O-Typing
Of 100 samples, 73 were positive for one of the tested O antigen types (73%). The most common types of O antigen were O2 (16.43 %), O6 (16.43 %) and O18 (13.69%), followed by O157 (10.95%), O75 (9.58%), O4 and O1 (each 8.21%), O16 (6.84%), O25 (4.10%), O7 and 012 (each 2.73%). There was no positive isolate for O15. Among the O antigen-positive isolates, 63 (86.3%) belonged to the phylogenetic groups B2 and D. Of the remaining, 4 (5.47%) and 7 (9.58%) isolates belonged to groups B1 and A (Table 2 ).
Discussion
We studied 12 types of O antigen in UTI-isolated E. coli strains. Totally, 73 samples were positive for one type of O antigen (73%), the most common of which were O2 and O6 (12% each). E. coli strains were classified based on various types of O antigen for the first time by Kauffmann (12) Until now, 180 types of O antigen have been detected (9). In Iran, various studies have been conducted for O-serotyping of the uropathogenic E. coli (UPEC). One of the earliest studies was conducted by Emamghorashi and coworkers in 2011 (6, 17) . Their study on O serotype determination of 96 E. coli strains in children with pyelonephritis or cystitis led them to consider the relationship between some O serotypes and virulent genes in E. coli, causing UTIs. In that study, O1 was commonly seen in patients with pyelonephritis or cystitis (17) . Johnson studied the relationship between bacterial characteristics and the clinical source of E. coli. One of the predictors of UTIs was the O75 antigen (18) . In the present study, 11 O-antigen groups (O1, O2, O4, O6, O7, O12, O16, O18, O25, O75 and O157) were accounted for 6 (8.21%), 12 (16.43%), 6 (8.21%), 12 (16.43%), 2(2.73%), 2 (2.73%), 5 (6.84%), 5(6.84%), 10 (13. 69), 3 (4.10), 7 (9.58%) and 8 (10.95%) of the UTIs strains, respectively. O15 was not detected in UPEC isolates. In accordance with our study, Blanco and coworkers reported that most of the UPEC belonged to 10 (O1, O2, O4, O6, O7, O14, O18, O22, O75 and O83) of the 12 serogroups (19) . Although serotype O6 was the most common type found in many studies, in our study O6, O2 and O18 were the most common types, while O6 was a common serotype in E. coli strains isolated from children with UTI in Slovakia (20) . In a study of community-acquired UTI in Santiago, the characterized UPEC belonged to 27 different O serogroups; 68% of which were from one of the ten serogroups (O1, O2, O4, O6, O9, O18, O27, O73, O75 and O77) and 36% from one of the three serogroups (O2, O4 and O6) (19) . The UTI-associated O antigens were also distributed widely between the phylogenetic groups A (9.58%), B1 (5.47%), B2 (56.16%) and D (30.13%). In the present study, 86.30% of O-antigen-positive isolates also belonged to the phylogenetic groups B2 and D, suggesting that certain O-antigenpositive strains were phylogenetic ally related. This is the first report of E. coli serotyping in patients with UTI from south of Iran using multiplex-PCR also assessing their relation with phylogenetic groups. O2 (19.04%), O6 (19.04%) and O18 (15.87%) were the three common types that correlated with the phylogenetic groups B2 and D.
One of the major findings of the present study was the demonstration of a striking phylogenetic distribution of various O types. Specifically, when group B2 was compared to other phylogenetic groups combined, significant differences in prevalence, favoring group B2, were seen for O6 (9 of 12), O2 (8 of 12) and O18 (7 of 10). This multiplex-PCR assay was an efficient and convenient strategy for serotyping the UPEC predominant strains, avoiding the disadvantages of traditional serologic assays. Therefore, development of this multiplex-PCR assay can be beneficial for clinical diagnostics, epidemiology studies and disease control.
